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1 Introduction 
Novlkoff rat ascltes hepatoma cells have large 
nucleoh compared to normal rat cells and nucleoli 
from these hepatoma cells have been isolated m high 
yield and purity [ 1 ] The nucleolus IS known to be the 
site of nbosomal RNA synthesis and the rlbosomal 
RNA genes are repeated lOO-SOO-tlmes/dlplold 
genome [ 1,2] It hds been estimated that the DNA 
content/nucleolus 1s 1 3 pg and that the DNA con- 
tent/cell 1s 8 pg for Novlkoff rat cells [ 1 ] Rlbosomai 
DNA comprised 0 008% of the total DNA [3] and 
-0 05% of nucleoldr DNA The remaining 99 95% of 
nucleolar DNA has not yet been chdracterlzed 
Restriction endonuclease dIgestIon followed by 
gel electrophoresls has been used to detect repeated 
sequences m DNA from several mammahan species 
[4-61 Novlkoff rat hepatoma DNA was analyzed by 
gel electrophoresls after EcoRI restrIction endonucle- 
ase digestIon m this laboratory SrnallEcoRI fragments 
of Novlkoff rat DNA were exammed [7] by acryl- 
amide gel electrophoresls and large EcuRI fragments 
of Novlkoff rat DNA [8] by agarose gel electropho- 
rests The largest EcoRI fragment, fragment A, was 
reported [8] localized to the nucleolus Here, HlndIII 
digestIon patterns of total nuclear DNA, nucleolar DNA, 
and extranucleolar nucleoplasmlc DNA have been 
studied by agarose and acrylamlde gel electrophoresls 
From quantltatlve analysis of the amount of the smal- 
lest HzndIII DNA fragment m various fractions of the 
nucleus, this fragment has been found to be localized 
to the nucleolus 
2 Materials and methods 
Novlkoff hepatoma ascltes cells were mamtamed 
m male Holtzman rats for 6 days and the cells were 
labeled with 32P for ‘74 h as m [9] Nucleoh and extra- 
nucleolar nucleoplasm, 1 e , the nucleus minus the 
nucleolus, were prepared by the sucrose--Ca’+ proce- 
dure [ 1,101 After sedunentatlon of nucleoli by cen- 
trlfugatlon at 1100 X g for JO mm from somcated 
nuclei, the supernatant contained the extranucleolar 
nucleoplasm The extranucleolar chromatm was col- 
lected by centrlfugatlon at 20 000 X g for 30 mm 
after 2 vol ethanol were added Nucleolar contamma- 
tlon in the extranucleolar chromatm was muumlzed 
by momtormg the somcatlon process by phase micro- 
scopy to -80% nuclear dlsruptlon 
DNA was prepared generally as m Ill] To ehml- 
nate small DNA fragments m the extranucleolar nucleo- 
plasm preparation, 6 cycles of DNA spoohng were 
repeated by adding 2 vol ethdnol and dlssolvmg the 
spooled DNA m SSC (0 15 M NaCI, 0 0 15 M sodnun 
citrate) 
HzndIIl restrlctlon endonuclease was purchased 
from Bethesda Research Labs (Rockvdle, MD) and 
DNA dlgestlon wlthHzndII1 and agdrose or acrylamlde 
gel electrophoresls were carried out as m [7,9] The 
gel was stained with 1 pg/ml of ethldmm bromide in 
water for 1 h and photographed with an ultraviolet 
hght source using an ultraviolet-cut filter The films 
were scanned by a Transldyne 2955 densitometer 
(Ann Arbor, MI) at 600 nm with a 0 1 mm slit width 
and areas under peaks were cut out and weighed Bands 
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of 32P-labeled DNA fragments were cut out of the gel by either H 
with a razor blade under ultraviolet light and the 32P ments prod 
in the DNA in the gel was determined with a scintilla- (see table 1 
tion counter. DNA has th 
32P-labeled DNA fragments, recovered from the gel 
as in [ 71, were dissolved in 10 1.11 10 mM Tris-HCl 
(pH 7.5) 10 mM MgC12 and 2 units pancreatic DNase I 
were added. After incubation for 1 h at 37”C, 
0.001 unit venom phosphodiesterase was added to the 
mixture and the incubation was continued for another 
1 h at 37°C. The digest was applied to Whatman 3 MM 
paper pre-sprayed with 5% acetic acid adjusted to 
pH 3.5 with ammonium hydroxide. Electrophoresis 
was performed at 2 kV for I.5 h and mononucleo- 
tides were detected by autoradiography. 
3. Results and discussion 
Total nuclear DNA and nucleolar DNA of 
Novikoff rat cells were analyzed by 1% agarose gel 
electrophoresis before and after HiEdIII digestion 
(fig. I). Six major bands were observed after HindHI 
digestion of nucleolar DNA (fig. 1 D) and bands 1,6 
were also observed in the HindHI digest of total 
nuclear DNA (fig. 1 C). Total nuclear DNA, nucleolar 
DNA, and extranucleolar nucleoplasmic DNA were 
analyzed by 3.5% acrylamide gel electrophoresis 
afterH&rdIII digestion (fig.2). Acrylamide gels resolve 
smaher DNA fragments better than agarose gels. Bands 
I-5, shown by arrows, were observed in the Hind111 
digest of nucleolar DNA (fig.2B) and bands 1, 2 were 
also observed in the HindHI digest of total nuclear 
DNA (fig.2A). 
The molecular weights of the fragments numbered 
in fig. 1 were determined using the linear relationship 
between the logarithm of the molecular weights and 
the migration distances of the fragments produced 
Fig.1. Agarose gel eIectrophoretic analysis of nuclear and 
nucleolar DNA before and after Hind111 digestion: total 
nuclear DNA of Novikoff rat cells (A), nucleolar DNA of 
Novikoff rat cells (a), nuclear DNA digested with Hind111 (C) 
and nucleolar DNA digested with~~~dIII (D). Electrophoresis 
was carried out at 200 V for 2 h at 19°C in a 1% agarose gel. 
Six major bands observed in the Hind111 digest of nucleolar 
DNA are indicated by arrows and numbered according to 
their sizes. 
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Fig 2 Acrylamide gel electrophoretlc analysis of HIndI 
digests of 3 kinds of DNA preparations of Novlkoff rat cells 
total nuclear DNA, 8 ~lg (A). nucleolar DNA, 1 3 IJ~ (B) extra- 
nucleolar nucleoplasmlc DNA, 6 7 IJ~ (C) Electrophoresls u as 
carried out dt 300 V for 1 h at 19°C m d 3 5:h acrq lamlde gel 
fragment of Novrkoff rat DNA, which has been shown 
to be 93 base-pans long [7], dnd HzndIII fragment 2 
has the size of an octamer of the EcoRI monomer 
Table 1 
Sizes of highly repetltlve HlndIII fragments of Novlkoff 
rat DNA 
-___ 
Fragment no 1 2 3 4 5 6 
Mol wt (X 106) 024 048 11 16 19 25 
Base-pair (X 1 03) 037 074 17 25 3.0 39 
Fragments are shown m fig 1 The number of base-pairs m 
each fragment was calculated assuming that 1 base-pan 1s 
640 mol wt 
48 
fragment HzzzdIII fragment 2 has the srze of a dlmer 
of the HzndIII fragment 1 
All of theHzndII1 bands observed in nucleolar DNA 
must be present m total nuclear DNA Bands 3-5 
were observed m nucleolar DNA but not m total 
nuclear DNA (fig 1.2) because these fragments are 
enrrched m the nucleolus The background levels 111 
fig I,’ are Hugh near bands 3-5 and these bands are 
burred under the background m the HzzzdIII digest of 
total nuclear DNA HzzzdIII fragment 6 appears to be 
very hrghly repedted (-3 X 1 O4 trmes/genome) and 
band 6 can be observed above the background m the 
HzndIII digest of total nuclear DNA (fig 1 C) 
Figure 2C shows a HzzzdIII dtgestron pattern of 
extranucleolar nucleoplasmrc DNA A famt band of 
fragment 1 was found but no other bands were observed 
In fzg 2, 8 pg total nuclear DNA, 1 3 pg nucleolar 
DNA, and 6 7 ,ug extranucleolar nucleoplasmrc DNA 
were loaded m each slot. which reflect the ratros of 
the amounts of these 3 kmds of DNA m the nucleus 
Figure 3 shows that fragments 1.5 are highly locahzed 
to the nucleolus 
The background level was low near band 1 and 
qudntrtatrve analysis was made of the DNA content 
of thn band The average of 10 measurements of DNA 
m band 1 was 2 9% of the total nuclear DNA m the 
gel and the repetrtlon frequency of fragment 1 was 
calculated to be 5 X 10’ tzmes/genome [7] In 3 32P 
experiments. band 1 was found to contam 14’;! of 
the nucleolar DNA m the gel (fig 2B). accordmgly, 
14/J 9 X 1 3/8 X 100 = 79:; ofHzzzdII1 fragment 1 
DNA m the nucleus was found m the nucleolus It 
was also found that band 1 m fig ZC contained 0 6151 
of the extranucleolar nucleoplasmrc DNA This was 
the average of 4 32P measurements Accordmgly, 
0 6 l/2 9 X 6 7/8 X 100 = 18’1 of HzzzdIII fragment 1 
DNA m the nucleus was found m the extranucleolar 
nucleoplasm In other studres. fig 2 was scanned by a 
densitometer and areas under peaks ofHzndII1 frag 
ment i were measured Three scannmg measurements 
showed that 86% ofHzndII1 fragment 1 was found m 
the nucleoli and 6F ofHzndII1 fragment 1 was found 
m the extranucleolar nucleoplasm The results obtained 
by two different analyses are summarized m table 2 
32P-Labeled Novrkoff rat DNA was digested with 
HzndIII and fragment 1 was purrfred by gel electro- 
phoresrs TheHzrzdIII fragment 1 of 32P-ldbeled Novrkoff 
rat DNA was drgested to mononucleotrdes with pan- 
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Table 2 
Percent of HiildItI fragment 1 DNA found in the nucleoli 
and cxtranucfeolar nucleoplasm 
-- _“.. 
WP measurements Densitometer 
measurements 
-.. .“_~~ -- 
Nucleoli 79% 86% 
Extranucleolar 
nucleoplasm 18% 6% 
-- ..- 
creatic DNase I and venom phosphodiesterase and the 
nucleotide composition was determined by paper 
electrophoresis (fig.3). H&d111 fragment 1 was found 
to be GC-rich (‘68%) compared to the bulk rat DNA 
which contains 40-45% GC [ 121. 
Here, 2 bands of highly repeated DNA fragments 
were found in theHind digest of total nuclear DNA 
of Novikoffrat cells by 1% agarose gel electrophoresis. 
Both of these bands were also found in nucleolar DNA 
and 4 other bands were also found in nucleolar DNA. 
Analyses of nuclear DNA, nucleolar DNA, and extra- 
nucleoiar nucleoplasmic DNA digested with Hind111 
by 3.5% acrylamide gel electrophoresis howed that 
the highly repeated fragments l-5 are localized to 
the nucleolus and about 80% of fragment I which is 
68% GC-rich was localized to the nucleolus. 
Dr C. H. Huang for his kind help to scan the film by 
a densitometer. This work was supported by the 
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awarded by the National Cancer Institute, DHEW. 
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Two highly repeated large EcoRI fragments were 
found [8] in total nuclear DNA by agarose gel electro- 
phoresis. These 2 fragments were also found in nuclealar 
DNA and another fragment of 3.6 X IO6 mol. wt was 
also found in the nucleolus. So far, all of the highly 
repeated fragments found in total nuclear DNA have 
also been found in nucleolar DNA and nucleolar DNA 
contains some highly localized repeated DNA. It is 
well known that the nucleolus contains middle repeti- 
tive (100-500 copiesldiploid genome) ribosomal 
DNA [I]). The findings here raise questions as to the 
reason for the exlrichment of highly repetitive frag- 
ments in the nucleolus. Because of its high frequency 
of appearance in the cell and its small size, it is diffi- 
cult to assign any specific functional role to HindHI 
fragment 1 DNA; it may be speculated that the DNA 
may perform some structural role in the nucleolus. 
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